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The effect of carvedilol on big endothelin, atrial and brain natriuretic
peptide levels in patients with congestive heart failure

Konjestif kalp yetersizligi olan hastalarda karvedilol tedavisinin
blyUk endotelin, atriyal ve beyin natrilretik peptid dizeyleri Gzerine etkisi
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Objectives: We investigated the changes in plasma big
endothelin (big ET), atrial natriuretic peptide (ANP), and
brain natriuretic peptide (BNP) levels during carvedilol
therapy in patients with congestive heart failure (CHF).

Study design: The study included 20 patients (6 females,
14 males; mean age 57+11 years) with symptomatic CHF. All
the patients had sinus rhythm and resting ejection fraction
<40%. Carvedilol therapy was initiated with a minimum dose
(2 x 3.125 mg), which was increased biweekly to reach the
maximum tolerable dose. Blood samples were obtained and
transthoracic echocardiography was performed before and
after three months of a mean carvedilol dose of 42.5+13.6
mg. Big ET, ANP, and BNP levels were assessed and cor-
relations were sought with left ventricular functions and the
NYHA (New York Heart Association) functional class.

Results: After three months, significant decreases were
detected in heart rate (p<0.001), systolic blood pressure
(p<0.05), and left atrial diameter (p<0.001), accompanied by
a significant increase in left ventricular ejection fraction (EF)
(p<0.001), and a remarkable improvement in NYHA class
(p<0.05). Significant decreases were observed in ANP, BNP,
and big ET levels with carvedilol treatment (p<0.001). Big
ET, ANP, and BNP levels showed significant correlations
with left ventricular dimensions and systolic functions, and
NYHA functional class. Among these, the best correlation
was with LVEF (r= -0.498, p=0.001; r= -0.642, p<0.001;
r=-0.656, p<0.001; respectively).

Conclusion: Carvedilol therapy is associated with
decreased BNP, ANP, and big ET levels and with improve-
ments in NYHA functional class and left ventricular systolic
functions in patients with CHF.

Key words: Atrial natriuretic factor; biological markers; carba-

zoles/therapeutic use; endothelin-1; heart failure, congestive/drug
therapy; natriuretic peptide, brain.

Amag: Bu ¢alismada, konjestif kalp yetersizligi olan hasta-
larda karvedilol tedavisinin plazma buyik endotelin (blyuk
ET), atriyal natriretik peptid (ANP) ve beyin natrilretik pep-
tid (BNP) dlzeylerine etkisi degerlendirildi.

Calisma plani: Calismaya semptomatik konjestif kalp yeter-
sizligi olan 20 hasta (6 kadin, 14 erkek; ort. yas 57+11) alind.
Tum hastalar sins ritmindeydi ve dinlenme ejeksiyon frak-
siyonu =%40 idi. Karvedilol tedavisine en disuk dozda (2 x
3.125 mg) baslandi; doz iki haftada bir artirlarak hastanin
tolere edebilecedi en yiksek doza ¢ikildi. Ug ay sireli, ort.
42.5+13.6 mg dozda karvedilol tedavisinden 6nce ve sonra
kan Ornekleri alindi ve transtorasik ekokardiyografi yapildi.
BuylUk ET, ANP ve BNP duzeyleri degerlendirildi ve bun-
larin sol ventrikil fonksiyonlari ve NYHA (New York Heart
Association) fonksiyonel sinifi ile iliskileri arastirildi.

Bulgular: Ug aylik karvedilol tedavisi sonunda, kalp hizi
(p<0.001), sistolik kan basinci (p<0.05) ve sol atriyum
capinda (p<0.001) anlamh disus; sol ventrikil ejeksi-
yon fraksiyonu (p<0.001) ve NYHA fonksiyonel sinifinda
(p<0.05) anlamh duzelme géruldu. Karvedilol tedavisi
ANP, BNP ve bluyiuk ET dlzeylerinde anlaml disuse
yol acti (p<0.001). Biytuk ET, ANP ve BNP duzeyleri, sol
ventrikll boyutlari ve sistolik fonksiyonlariyla ve NYHA
fonksiyonel sinifiyla anlamli iliski gésterdi. Bunlar icinde
en iyi korelasyon sol ventrikll ejeksiyon fraksiyonu ile
idi (sirasiyla, r= -0.498, p=0.001; r= -0.642, p<0.001;
r=-0.656, p<0.001).

Sonug: Konjestif kalp yetersizligi olan hastalarda karvedilol
tedavisi, BNP, ANP ve blyik ET dizeylerini dislrmekte,
NYHA fonksiyonel sinifi ve sol ventrikul sistolik fonksiyon-
larinda diizelmeye yol agmaktadir.

Anahtar sézctkler: Atriyal natriliretik faktor; biyolojik belirteg;
karbazol/terapétik kullanim; endotelin-1; kalp yetersizligi, konjes-
tif/ilac tedavisi; natritretik peptid, beyin.
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Congestive heart failure (CHF) is a major cause of
death worldwide.!! Carvedilol improves symptoms,
left ventricular ejection fraction (LVEF), and survival
in patients with CHFE.?' Neurohumoral activation is
increased in patients with CHF and correlates with
the severity of the disease. Various neurohumoral
markers such as brain natriuretic peptide (BNP), atrial
natriuretic peptide (ANP), and big endothelin (big
ET) have been associated with prognosis in CHE.?!
However, the effect of beta-blockade on neurohumoral
markers has not been extensively studied in CHF.

This study was designed to investigate the changes
in plasma ANP, BNP, and big ET levels during carve-
dilol therapy in patients with CHF over three months
of follow-up, and to determine whether ANP, BNP
and big ET concentrations correlate with cardiac
function.

PATIENTS AND METHODS

Patients. The study included 20 patients (6 females,
14 males; mean age 57+11 years) who had symptom-
atic CHF for more than a year. All the patients had
sinus rhythm and resting ejection fraction <40%,
and no contraindications for beta-blockers. Coronary
angiography was performed in all the patients. The
reason of heart failure was coronary artery dis-
ease in nine patients and dilated cardiomyopathy in
11 patients. Eight patients had myocardial infarc-
tion previously. All the patients had been receiving
diuretics and angiotensin-converting enzyme (ACE)
inhibitors for a long time. Patients with atrial fibril-
lation, primary obstructive or severe regurgitative
valvular disease, uncontrolled ventricular arrhyth-
mias, chronic obstructive pulmonary disease, active
myocarditis, atrioventricular block, bradycardia (<60
bpm), or severe hypotension (systolic blood pressure
<90 mmHg ) were excluded. The study protocol was
approved by the institutional ethics committee and
all the subjects gave written informed consent for the
study.

Echocardiography. A Vingmed System Five Doppler
echocardiographic unit (GE Vingmed Ultrasound,
Horten, Norway) with a 2.5-MHz flat phased-array
probe was used. Echocardiography was performed
with subjects in the left lateral decubitus position. Left
atrial, left ventricular end-diastolic, and end-systolic
diameters were measured in the parasternal long-axis
view. Left ventricular ejection fraction was deter-
mined from the apical two- and four-chamber views
with the modified Simpson’s rule.

After the first blood samples were obtained
and transthoracic echocardiography was performed,
carvedilol therapy was initiated with a minimum
dose (2 x 3.125 mg). The dose was increased
biweekly to reach the maximum tolerable dose for
each patient. After three months of administering
the maximum tolerable dose, blood samples were
drawn again and transthoracic echocardiography
was performed.

Assessment of neurohumoral markers. Venous
blood samples were collected in tubes containing
EDTA and centrifuged at 1500 x g for 15 minutes.
Plasma aliquots were stored at -80 °C until being
tested. Levels of ANP and BNP were determined with
the ELISA assay protocol and using commercial kits
(ANP: Lot no EK-005-06; BNP: Lot no EK-011-03,
Phoenix Pharmaceuticals, Germany). Big ET levels
were determined using the RIA assay protocol and
a commercial kit (Endothelin-1: Lot no RK- 023-12,
Phoenix Pharmaceuticals).

Statistical analysis. The data were expressed as mean
+ standard deviation or as percentages. Differences
between parameters before and after carvedilol ther-
apy were assessed by the Wilcoxon signed-rank test.
Pearson’s correlation analysis was used to demonstrate
correlations between left ventricular functions and
ANP, BNP, and big ET levels. Spearman’s correlation
test was used for correlations between the NYHA
(New York Heart Association) class and ANP, BNP,

Table 1. Echocardiographic and hemodynamic parameters before and after

carvedilol therapy

Before After p
Left ventricular end-diastolic diameter (cm) 6.47+0.62 6.32+0.65 <0.001
Left ventricular end-systolic diameter (cm) 5.46+0.60 5.11+0.73 <0.001
Left ventricular ejection fraction (%) 32+5 38+7 <0.001
Left atrium (cm) 4.8+0.5 4.4+0.4 <0.001
Systolic blood pressure (mmHg) 128+17 11612 <0.05
Diastolic blood pressure (mmHg) 818 75 £7 NS
Heart rate (beat/min) 84+1 719 <0.001

NS: Not significant.
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Table 2. NYHA functional class of patients before and
after carvedilol therapy

NYHA class Before After p
Class | 0 9 <0.05
Class Il 4 1 <0.05
Class lll 15 0 <0.05
Class IV 1 0 <0.05

Table 3. Atrial and brain natriuretic peptide and big
endothelin levels before and after carvedilol therapy

Before After p
Atrial natriuretic peptide (ng/ml) 2.8+1.6 1.1+0.6 <0.001
Brain natriuretic peptide (ng/ml) 41x14 17+7  <0.001

Big endothelin (pg/tube) 232+122 55+34 <0.001

and big ET. A p value of less than 0.05 was considered
statistically significant.

RESULTS

The mean total daily carvedilol dose was 42.5+13.6
mg. At the end of three months of maximum toler-
able dose of carvedilol, significant decreases were
detected in heart rate (84+1 beat/min vs 71+9 beat/
min; p<0.001), systolic blood pressure (128+17 mmHg
vs 116£12 mmHg; p<0.05), and left atrial diameter
4.8+0.5 cm vs 4.4+0.4 cm; p<0.001). Decreases in
left ventricular systolic and diastolic diameters were
significant (p<0.001). Left ventricular ejection fraction
showed a significant increase after carvedilol admin-
istration (32+5% vs 38+7%; p<0.001) (Table 1). There
was also a remarkable improvement in NYHA func-
tional capacity of all the patients (p<0.05; Table 2).

Compared to baseline values, significant decreases
were observed in ANP, BNP, and big ET levels with
carvedilol treatment (p<0.001; Table 3).

The three neurohumoral parameters (ANP, BNP,
and big ET) showed strong correlations with left
ventricular dimensions and systolic functions. Among

these, the best significant correlation was with LVEF
(r= -0.642, p<0.001; r= -0.656, p<0.001; r= -0.498,
p=0.001, respectively). The dimensions of the left
ventricle and left atrium showed positive correla-
tions with the neurohumoral parameters. In addition,
improvement in NYHA functional capacity was cor-
related with decreases in these markers (Table 4).

DISCUSSION

This study demonstrated that carvedilol had a favor-
able effect in lowering big ET, ANP, and BNP levels
in patients with heart failure. Following a three-month
therapy with carvedilol, marked improvements were
noted in left ventricular functions and functional
capacity of the patients. The three neurohumoral
parameters were negatively correlated with improve-
ment in LVEF , and positively correlated with cardiac
diameters and functional capacity. The strongest cor-
relations were with BNP levels.

A number of studies have demonstrated the effect
of carvedilol on the neurohumoral system in patients
with heart failure. Fujimura et al.® evaluated BNP,
ANP, and norepinephrine (NE) levels before and
three to five months after initiation of carvedilol in
42 patients with idiopathic dilated cardiomyopathy
and demonstrated declined BNP levels in patients
who had improved LVEF. They also observed a
decline in ANP levels in responders, but no change
in non-responders. Norepinephrine levels, however,
remained unchanged. Kawai et al.”! measured BNP
levels before and two and six months after initiation
of carvedilol in 21 patients with dilated cardiomy-
opathy. They found that BNP levels declined and this
decline was in inverse correlation with LVEF after
six months of therapy. Our findings were consistent
with carvedilol-induced effects on neurohumoral
markers and their correlation with LVEF. In addition,
we also showed that these neurohumoral markers
were correlated with clinical and other echocardio-
graphic findings.

Table 4. The correlations of ANP, BNP, and big ET levels with left ventricular functions and

functional capacity

ANP BNP Big ET
r p r p r p
Left ventricular ejection fraction -0.642 <0.001 -0.656 <0.001 -0.498 0.001
Left ventricular end-diastolic diameter ~ 0.278 NS 0.319 0.04 0.324 0.04
Left ventricular end-systolic diameter 0.482 0.002 0.529 <0.001 0.450 0.004
Left atrium 0.367 0.02 0.521 0.001 0.465 0.003
NYHA class 0.508 0.001 0.693 <0.001 0.627 <0.001

NS: Not significant; ANP: Atrial natriuretic peptide; BNP: Brain natriuretic peptide; Big ET: Big endothelin.
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Fung et al.®! compared the effects of carvedilol
and metoprolol on ANP and amino-terminal BNP (N-
BNP) levels and found that both had similar efficacy
in causing significant decreases in ANP and N-BNP,
suggesting that a group effect of beta-blockers might
account for these neurohumoral decreases.

Morooka et al.”! evaluated the effect of carvedilol
in patients with dilated cardiomyopathy and found
that patients who did not benefit from carvedilol
therapy continued to have high ANP and BNP levels.
All these data suggest that ANP and BNP levels can
be used as a marker for therapeutic response.

Big endothelin, which is a precursor of endothelin-
1, reflects endothelin overproduction more accurately
than circulating endothelin-1 itself,'® and shows bet-
ter correlation with functional NYHA class and long-
term prognosis of patients with chronic heart failure.
Previous studies showed that big ET level was a better
prognostic marker than atrial and brain natriuretic
peptides or their pro-peptides.''?! Spinarova et al.l'’
demonstrated that increased plasma levels of big ET
was a highly sensitive tool for the diagnosis of chronic
heart failure, and that normal values might be used
for exclusion of this syndrome with very high prob-
ability.

Ohlstein et al."¥ showed that, unlike other beta-
blockers, carvedilol inhibited ET-1 biosynthesis in
cultured endothelial cells, and this effect seemed to
be related to its potent antioxidant properties. The
authors suggested that this effect may contribute to
clinical improvement in CHF patients. Massart et
al.'" showed that carvedilol and lacidipine had cardiac
antihypertrophic properties that were partially inde-
pendent of their antihypertensive effect and appeared
to be related to their capacity to decrease myocardial
prepro-endothelin-1 overexpression induced by pres-
sure overload. However, the effect of carvedilol on big
ET levels has been assessed in only one study. Frantz
et al."! found that carvedilol therapy lowered amino-
terminal ANP and BNP levels in patients with heart
failure, but did not affect big ET levels, which did
not change within six months of carvedilol therapy,
and showed an insignificant decrease at the end of a
year, without exhibiting any correlation with LVEF.
In contrast to the finding of Frantz et al.,'"*! carvedilol
treatment significantly decreased big ET levels in our
patients (from 232+122 pg/tube to 55+34 pg/tube;
p<0.001). Moreover, there was a significant negative
correlation between big ET and clinical and echo-
cardiographic parameters. However, among the three
markers, BNP levels showed the strongest correlation

with clinical and echocardiographic findings. As
there is no other evidence for the effect of carvedilol
on big ET levels, further studies are needed to clarify
this relationship.

Limitations. One limitation to this study is the
small size of the patient group. Another significant
limitation is the short duration of the study, which
might have limited the statistical power of prognostic
findings. Due to the absence of control groups, all
therapeutic results cannot solely be attributed to the
effect of carvedilol because the patients were already
receiving conventional therapies such as ACE inhibi-
tors and diuretics.

In conclusion, carvedilol therapy is associated with
declines in BNP, ANP, and big ET levels and with
improvements in NYHA functional class and left ven-
tricular systolic functions in patients with CHF. In this
patient group, plasma BNP, ANP, and big ET levels
correlate well with echocardiographic findings, sug-
gesting that these neurohumoral markers, especially
BNP may be instrumental in the diagnosis, manage-
ment, and prognosis of heart failure.
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